Revegetation using cushion plants after  recreational trampling on a Colorado fourteener by Kleier, Catherine et al.
Regis University
ePublications at Regis University
Celebration of Scholarship and Research Center for Scholarship and Research Engagement
Spring 2019
Revegetation using cushion plants after recreational
trampling on a Colorado fourteener
Catherine Kleier
Regis University, ckleier@regis.edu
Rachel Kreb
Regis University, rkreb@regis.edu
Mike Kintgen
Regis University
Follow this and additional works at: https://epublications.regis.edu/csre_celebrationscholarship
This Poster is brought to you for free and open access by the Center for Scholarship and Research Engagement at ePublications at Regis University. It
has been accepted for inclusion in Celebration of Scholarship and Research by an authorized administrator of ePublications at Regis University. For
more information, please contact epublications@regis.edu.
Recommended Citation
Kleier, Catherine; Kreb, Rachel; and Kintgen, Mike, "Revegetation using cushion plants after recreational trampling on a Colorado
fourteener" (2019). Celebration of Scholarship and Research. 26.
https://epublications.regis.edu/csre_celebrationscholarship/26
Revegetation using cushion plants after 
recreational trampling on a Colorado fourteener
Department of Biology, Regis University, Denver, CO
Rachel Kreb1, Catherine Kleier2, and Mike Kintgen3
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Are cushion plants strong 
candidates for alpine trail 
revegetation?
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Stress gradient hypothesis 1
Environmental stress
• Can they be transplanted after trampling?
• Do they transplant as well as grasses? 
• Which cushion species recovers best and supports the most 
diverse canopies?
• Does facilitation change if conditions get too stressful?
Nurse plant:
facilitates growth of 
other plant species in 
their canopy by 
creating microhabitats 
Cushion plants vs. grasses
Comparing cushion plant speciesDid cushion plant 
transplants survive well?
Facilitated plant communities
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Elevation significantly influenced the composition 
and abundance of cushion plants that established 
on the trail(p=0.048), whereas slope(p=0.593) and 
soil moisture(p=0.717) had insignificant effects on 
the cushion plant composition and abundance.  
The 2 NMDS axes explained 87% of the variation 
in community composition.
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Minuartia rubella
Silene acaulis
Trifolium nanum
Cushion plant species did not 
significantly influence the composition 
and abundance of the non-cushion 
plants living in their canopies (p=0.07)
The 2 NMDS axes explained 79% of 
the variation in community 
composition.
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elevation
p=0.001*
soil moisture
p=0.001*
slope p=0.094
diameter
P=0.860
Soil moisture(p=0.001) and elevation(p=0.001) significantly influenced 
the composition and abundance of the non-cushion plants living in their 
canopies, whereas slope(p=0.094), diameter of cushion plants(0.860) 
had insignificant effects on the composition and abundance of the non-
cushion plants living in their canopies.  The 2 NMDS axes explained 
79% of the variation in community composition.
Non-cushion plant species
Luzula spicata
Gentiana algida
Trisectum spicatum 
Geum rossii
Bisorta vipara
Trifolium parryi
Sibalddia procumens
Tonestus pygmeaeus
Sedum lanceolatum
Castilleja spp.
Carex spp.
Festuca brachyphylla Artemesia Borealis Kobresia myosuroides
3 Most commonly found: Others:
Discussion
• Transplanting mature cushion plants is not 
recommended as most died after only seven years.
• However, young recruits recovered well and 
may establish well enough on their own 
without active restoration.
• Cushion plant species did not facilitate distinct non-
cushion plant species.
• Therefore, revegetation efforts should 
focus on the cushion plant species that 
recovers the best and contributes the most 
plant cover.
• Minuartia rubella became the most dominant 
in the trail community.
• Inconsistent with the stress gradient hypothesis, cushion 
plants did not facilitate more in stressed areas,
• Future studies are needed to:
• Research new alpine revegetation techniques 
(seeding, transplanting younger plants)
• Understand alpine succession following 
disturbance.
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• Abundance
Grass
• Abundance
• Diameter (age) 2
• Species
• Canopy richness
Cushion plant
• Elevation
• Soil moisture
• Slope
Environmental 
stress
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Phlox condensata
Paronchia pulvinata
Trifoium nanum
Most dominant in the trail community 
(Importance value = 1.206)
2nd most dominant in the trail 
community (Importance value =0.496)
Facilitated the broadest range of non-
cushion species overall
Facilitated the highest max number of 
species per plant
Did not facilitate
Facilitated, on average, the highest 
number of species per individual plant 
soil moisture
p=0.717
slope
p=0.593
elevation
p=0.048*
